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FOREWORD 

T 

c 

This i s  the  f i r s t  
of "Some Major Impacts 

i n  a series of t a sk  repor t s  within a br ief  study 
of t he  National Space Program. 1? 

Within t h i s  invest igat ion,  many candidate impacts w e r e  f i r s t  
screened and those t h a t  appeared (a) minor, or (b) not l i ke ly  t o  y ie ld  
t o  su f f i c i en t  study within the  short  t i m e  avai lable ,  were eliminated. 
The remaining impacts were subjected t o  fu r the r  study and each is 
separately reported within t h i s  series.* 

The results of t h i s  study a re  the  f i r s t  concrete assays within a 
welter of confl ic t ing,  incomplete, exaggerated, and frequently unsupport- 
ed information. Stanford Research I n s t i t u t e  considers t h e i r  object ive 
study an important task and is  looking forward t o  extend the  scope of 
this study i n  the  fu ture ,  by appl icat ion of t h e  background, method- 
ologies and i n i t i a l  r e s u l t s  obtained t o  date. 

John G. Meitner 
Project  Manager 

l t  I t  11 * The t i t les are: Economic Impacts, Iden t i f i ca t ion  of New Occupa- 
11 19  t ions ,  

and Aeronautics, Impacts Upon Health, Biology and Medicine, Some 
Total  Impacts of NASA Capability," "The Impact of the  Space Program 
Upon Science--1. Astronomy . 

Impacts of New Materials Technology," "Impacts Upon Aviation 
l? 19  l* I ?  

? $  
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INTRODUCTION AND SUMMARY 

The object ive of the  overa l l  study i n i t i a t e d  here w a s  t o  def ine 
tha t  economic impact of the  space program which accrues t o  the  nat ion 
i n  terms of new occupations; the more immediate object ive w a s  there-  
fo re  t o  iden t i fy  these. 

In order  t o  a r r ive  hopefully a t  comprehensive iden t i f i ca t ion  
schemes f o r  the  space effort-generated occupations, several methods 
w e r e  defined; some of these methods w e r e  examined and validated-- 
mostly i n  t h e  Los Angeles area. 

. On t h e  bas i s  of t h i s  preliminary p i l o t  experimentation, a) severa l  
candidate search methods were thus refined and establ ished,  b) others  
(not ye t  f u l l y  tes ted)  w e r e  addi t ional ly  conceived, ( c )  a study plan 

w a s  formulated on t h e  bas i s  of (a) and (b),  and d) some 18 new pro- 
fess iona l  and blue c o l l a r  occupations--formally establ ished by job 
t i t les--wholly derived from the  space program were already iden t i f i ed ;  
these range from ass i s t an t  spacecraf t  manager, through l i f e  support 
research s c i e n t i s t ,  t o  space documentation requirements analyst  and 
space s t ruc tu res  assembler. 

In  the  l i g h t  of our i n i t i a l  experience, t he  search methods 
selected f o r  f u r t h e r  study are l i k e l y  to y ie ld  addi t ional ly  a number 
of new occupations t h a t  e x i s t  so l e ly  as a r e s u l t  of the  U.S. space 
e f f o r t ;  these search methods take i n t o  account basic  problems encount- 
ered i n  the  p i l o t  survey described i n  the  following pages--mostly the  
inconsis tencies  and the accidental  or de l ibe ra t e  lack of descr ipt ive-  
ness i n  job t i t l e s ,  t he  confusion i n  ex i s t ing  s k i l l  indices ,  the  
recurr ing revis ions of occupational t i t les  within t h e  aerospace indus- 
tries, the  formal (non-descriptive) and the  informal (descr ipt ive)  
lists of job t i t les  employed simultaneously by the  same organization, 
and t h e  usual overlap between missile-and space-applied occupations. 
W e  bel ieve t h a t  t h e  search methods designed by SRI w i l l  be successful 
i n  ident i fy ing  and perhaps obviating some of these problems. Further 
study of t h i s  type is  necessary, because w e  are surprised t o  f ind  how 
many professionals  and blue c o l l a r  workers exclusively engaged i n  
space work ( i n  NASA and industry i n s t a l l a t i o n s  alike) have t i t les  t h a t  
go back t o  t h e  beginning of the  a i r c r a f t  age. There is, obviously, a 
need t o  accelerate  t he  adoption of new and space-related job designa- 
t i ons  and i n  order t o  accomplish this--while ident i fy ing  those job 
categories  already up-dated--further study is  required,  t o  make approp- 
r iate recommendations f o r  action. 

The present repor t  (a) discusses  t h e  r e s u l t s  of t he  p i l o t  study-- 
i.e. t he  search methodology establ ished f o r  fu tu re  study and the  new 
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occupations iden t i f i ed  t o  date--& (b ) ,  describes the remaining study 
portions required t o  f u l f i l l  the  second objective--i.e.,  a f a i r l y  com- 
prehensive iden t i f i ca t ion  on a nat ional  basis of the new occupations 
already i n  existence as a r e s u l t  of the U . S .  Space Program. W e  w i s h  
t o  delay the formulation of a f i n a l  study t o  r e l a t e  t he  r e s u l t s  of the 
occupation iden t i f i ca t ion  to  the  economic impact thereby generated, 
because a better understanding of the occupational titles and t h e i r  
bearers is  f i r s t  required,  along w i t h  fu r the r  i den t i f i ca t ion  of these 
occup a t  ions. 

In  the l i g h t  of our ea r ly  re turns  w e  are reassured tha t  many 
widely varying occupations already have been created as a r e s u l t  of 
the  space e f f o r t ;  i n  the  l i g h t  of other  impacts studied (and described 
i n  other  repor t s  of t h i s  series), w e  a l so  feel tha t  the  suggested col- 
l ec t ion  and documentation of new occupations would s p e l l  out a r a the r  
consequential impact, On t h a t  bas i s  w e  strongly recommend the contin- 
uation of the study discussed here. 
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INITIAL RESULTS--NEW OCCUPATION TITLES DERIVED FROM SPACE PROGRAM 

Defini t ion of "New Occupations Derived From Space Program" 

For reasons r e l a t i n g  t o  provabi l i ty  (and discussed below i n  t h e  
sec t ion  e n t i t l e d  "New and Old Space Occupation T i t l e s " ) ,  our search f o r  
new space-derived occupations was restricted t o  those t h a t  simultaneously 
answer t o  the  following requirements: 

a) self-evident ly  space-related or space-derived occupations,* and 

b) occupations described by formally establ ished,  space-specific 
t i t l es .  ** 

Our r e s u l t s  a re ,  therefore ,  expressed i n  the most r e s t r i c t i v e  l ists  
possible ,  but simultaneously w i l l  not y ie ld  t o  argument by d e v i l ' s  ad- 
vocacy. 

The background, r a t iona le  and descr ip t ion  of t h e  search methods em- 
ployed i s  discussed i n  a subsequent sec t ion  of t h i s  report  e n t i t l e d  

da t e  follow d i r e c t l y  below.*** 
Discussion of I n i t i a l  Study and Methodology." The r e s u l t s  obtained t o  11 

Resul ts  From Search Method I 

I n i t i a l  r e tu rns  from 7 organizat ions among the t o t a l  of 14 contacted 
t o  date  have ind ica ted  11 new, exclusively space exploration-derived 
occupations. 

W e  a r e  impressed t h a t  so br ie f  and r e s t r i c t e d  a search, has already 
W e  a r e  therefore  confident yielded such widely varying new occupations. 

* 

** 

*** 

T h i s  excludes a general  machinist or an accountant on the Surveyor 
Program 

Th i s  excludes the  lunar spacecraf t  antenna engineer, whose ac tua l  
job t i t l e  i s  e l ec t ron ic  engineer. 

Additional r e s u l t s  are now reaching us  da i ly  and o thers  w i l l  continue 
t o  be submitted, as a consequence of delays i n  responding t o  inqu i r i e s  
w e  made earlier; because t h i s  program w a s  only funded f o r  some 10 days ,  
t h i s  repor t  descr ibes  only the r e s u l t s  obtained by t h e  cut-off da te ,  
20 May 1968. The addi t ional  da ta  w i l l  be reported t o  NASA i n  con- 
junct ion with t h e  r e s u l t s  obtained during the  next study phase. 
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t h a t  a f a i r l y  la rge  number of genuinely new space exploration-derived 
occupations does indeed e x i s t  i n  t h e  aerospace indus t r ies ,  i n  NASA 
Centers, and i n  many government agencies, e.g., ESSA, FCC, H E W ,  etc. 

A l ist  of t h e  11 space-derived occupations so uncovered t o  da te  
follows : 

Assis tant  Spacecraft Manager (35) 

Environmental Space Systems Assembler (15) 

L i f e  Support Research Sc ien t i s t  (15) 

Space Documentation Requirements Analyst (34) 

Space Labs Supervisor (15) 

Space Lab Unit Supervisor (15) 

Space Structures  Assembler (1) 

Space Systems Superintendent (15) 

Space Vehicle Checkout Mechanic- 

Space Vehicle T e s t  Mechanic (36) 

Space Vehicle T e s t  Mechanic-Electronics (36) 

Electro-Mechanical Systems (33) 

Results of Search Method I1 
"J 

The l ist  of t h e  7 occupations found by t h i s  method i s  as follows: 

Ci rcu i t  Design Specialist-Space Instruments (40) 

Engineer-Life Support Hardware (3) 

Environmental Control and L i f e  Support Engineer (43) 

Lab Technician-Space Instrumentation (29) 

Space Electrical  Power Engineer (38) 

Space Power Systems Engineer (22) 

Solar  C e l l  Engineer (21) 

New and Old Space Occupation T i t l e s  

A s  indicated above, w e  discussed in t e rna l ly  t h e  possible  semantic 
t l  ( 1  I1 nuances and differences between occupations, job t i t les," "type of 

worko" etc. and w e  decided to  look--to start  with--for self-evident ly  
space-related occupations, i.e, those that have an unequivocally space- 
s p e c i f i c  descr ipt ion,  f o r  example (and ideal ly)  "astronaut," Because 
w e  a l so  wished t o  d i f f e r e n t i a t e  between effect ive" and "actual" oc- 
cupations and only report  t h e  latter, w e  decided furthermore t o  restrict 

I* 
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our r e s u l t s  t o  job t i t l e s  already establ ished and used.* - 
The above lists ind ica t e  our r e s u l t s  within these t i g h t  def in i t ions .  

On the  o ther  hand, w e  are s t ruck  by the thousands of job titles w e  found 
f o r  personnel i n  space-generated jobs i n  NASA and i n  aerospace industry 
organizat ions t h a t  are not space-specif ical ly  t i t l e d ,  i.e. the "space- 
s t ruc tu re  assembler" whose t i t l e  is  "assemblyman" ( j r . ,  sr. ,  etc.) , the 
space r ad ia t ion  instrumentation spec ia l i s t "  whose t i t l e  i s  "phys ic i s t ,  

and the  " l i f e  support equipment designer" whose t i t l e  i s  "(lay-out) 
engineer, etc. (11, 12, 25, 26 ,  27, 28, 41).  

- 
1 )  ? ?  

I?  

The questions w e  r a i s e  are: a) why i s  the re  such a very high r a t i o  
between o ld  (evasive,  incor rec t ,  o r  general) t i t les  t o  spec i f i c  (descrip- 
t ion)  t i t les  f o r  spaceworkers, and b) i f  the i n e r t i a  f ac to r s  can be 
iden t i f i ed  and de l ibera te ly  overcome, i s  i t  not high t i m e  i n  t h e  second 
decade of t h e  U.S. Space Program t o  have i t s  operators  i den t i fy  properly 
their highly spec ia l ized  personnel. 

Answering the second question i n  the aff i rmat ive,  SRI  i s  in t e re s t ed  
i n  continuing the  present study, so a s  t o  a r r i v e  a t  useful  answers t o  
the f i r s t  question. 

Trans i t iona l  Attempts 

Several  organizations responded t o  our inqu i r i e s  f o r  information 
w i t h  an " o f f i c i a l l y  w e  use neut ra l  t i t l e s  f o r  our space-oriented 
personnel, but w e  have unof f i c i a l ,  space-specific t i t les" (anywhere from 
company-private reorganization plans,  t o  long-range planning f o r  c r i t i c a l  

(unoff ic ia l )  l ist  (37) contained both, space-specific and non-space job 

. _  

- personnel i n  fu tu re  space programs) (10, 19,23,  30, 32). One such 

* The d i f fe rence  is i n  the  proof and an t i c ipa t e s  a d e v i l ' s  advocacy i n  
documentation: consider a highly special ized e l ec t ron ic  technician 
(too young t o  have worked i n  a i r c r a f t  or missile electronics)  whose 
f i r s t  job it i s  t o  check out--after spec ia l ized  training--fuel cel l  
cont ro l  c i r c u i t r y .  I f  h i s  employer o f f i c i a l l y  lists h i m  as ,  say, a 

he enjoys without doubt a new, 
space-derived occupation. However, i f  a l l  o ther  things being equal, 
he i s  l i s t e d  by h i s  employer as an "e lec t ronic  technician,  
of a new occupation cannot be made unequivocally--the problem then be- 
comes general  and one could a) declare  tha t  t he re  a r e  now X-billion 
space-derived wages paid per  annum, ergo the re  must be Y-thousand new 
space" occupations, or b) i f  pressed f o r  detai ls ,  one could generate 

thousands of specific job t i t l e s ,  f o r  jobs t h a t  do i n  f a c t  e x i s t  
(from "spacecraf t  assembler" t o  "lunar s o i l  a n a l F t " )  but a r e  - not 
so i d e n t i f i e d  by the employers. 

I ?  l i f e  support equipmzt technician,  ? ?  

t ?  the  proof 

- I? 
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t i t les ;  the  former were extracted and a r e  a s  follows: 

Spacecraft  Electronic  Equipment Assembly Mechanic 

Spacecraft  F ina l  Assembly Checkout Mechanic 

Spacecraft  F ina l  Assembly E lec t r i c i an  and Electronics  

Spacecraft  Final  Assembly Hydraulic Checkout Mechanic 

Spacecraft  Inspector-Electronic Assembly 

Spacecraft  Inspector-Electronic Test ing 

Spacecraft  Inspector F ina l  Assembly-Electrical 

Spacecraft  Inspector F ina l  Assembly-Mechanical 

Spacecraft  Inspector-Major Assembly 

Spacecraft  Inspector-Major Electronic  Systems 

Spacecraft  Inspector Pre-Flight Electronics  

Spacecraft  Inspector Pre-Flight Mechanical 

Spacecraft  I n s t a l l a t i o n  Mechanic 

Spacecraft  Pre-Flight Mechanical Inspector 

Spacecraft S t ruc tures  Mechanic 

Spacecraft  Welder-Precision 

Spacecraft  Welder-Production 

Space Vehicle Pre-Flight Electronics  Inspector 

Checkout Mechanic 

I n  addi t ion,  w e  were elsewhere (and i n  confidence) shown severa l  
such lists of varying degrees of implementation po ten t i a l  and attendant 
hues of p ropr i e t a r i t y .  I n  the  l i g h t  of the l a t t e r ,  w e  wish t o  ind ica t e  
here (without reference) only by a few t e n t a t i v e  t i t les ,  severa l  hundred 
of these  now under study by severa l  space systems organizations:  

A r t i f i c i a l  Gravity Engineer 

Elec t ronic  Space Simulation Engineer 

Lunar Chemi s t 

On-Board Systems Engineer 

Planetary Atmospheric Meteorologist 

Space Bio-Technology S c i e n t i s t  

Spacecraft  Harnessing and Cabling Technician 

Space Radiation Phys ic i s t  

Upper Planetary Atmospheric Scient i s  t 

E t c .  
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DISCUSSION OF INITIAL STUDY AND METHODOLOGY 

Purpose 

The chief purpose of t he  i n i t i a l  s tudy was a) t o  char t  possible  
search methods t o  iden t i fy  space program-derived occupations; b) t o  
deploy and test some of these i n  a sampling manner--and on t h a t  bas i s  
t o  adopt and r e f ine  these search methods (or t o  reject them) f o r  fu ture  
study; and c )  most immediately, t o  i den t i fy  as many space program-de- 
rived occupations as possible  through (b). 

The t i g h t  de f in i t i ons  discussed i n  the  preceding sect ion were 
adopted so as t o  avoid any ambiguity of r e s u l t s ,  i.e. i t  w a s  one of the 

' purposes of t h i s  study t o  a r r ive  a t  a r e s t r i c t e d  but unassailably doc- 
umented list of job t i t les  by which the new occupations w e r e  already 
defined o f f i c i a l l y .  

Search Methods 

The i n i t i a l  methods charted f o r  ident i fying the space program- 
derived occupations include a) the query ( i n  conference) of industry 
and NASA personnel managers; b) the study of newspaper employment ad- 

study of Department of Labor's 'b ic t ionary  of Occupational T i t l e s ;  " d) 
the  search of Bureau of the  Budget's background and Interagency Occupa- 
t i ona l  Class i f ica t ion  Study; e) the  study of the  National Register of 
S c i e n t i f i c  and Technical Personnel. 

7 vertisements over a period of the  l a s t  twelve years; c) the search and 

Of these f i v e  methods only the f i r s t  two could be b r i e f ly  examined 
(mostly i n  the  Los Angeles area) i n  the  shor t  t i m e  avai lable;  i n  s p i t e  
of these cons t ra in ts ,  18 new space-derived occupations w e r e  thus a l -  
ready iden t i f i ed  (see sec t ion  'bescr ip t ion  of I n i t i a l  Resul t s , "  above); 
a br ief  descr ip t ion  of the f i v e  methods and our experience t o  da te  
follows. 

Search Method I--Query Personnel Managers, etc. 

By proper introduction--an important requirement--conferences 
with 23 d i r e c t o r s  of personnel matters ('birector of Executive Compen- 
sat ion,  Personnel Director," "Assistant t o  President ,  etc.) were 
arranged i n  14 industry and government organizations and our i n t e r e s t  
i n  ident i fying new occupations unequivocally based upon or derived 
from the  space program was discussed. 

I' 'I ' 1  

The requested mater ia l  a t  the  t i m e  of t h i s  wri t ing was obtained 
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from four  contacts--other re turns  are expected. The mater ia l  received 
w a s  very per t inent  where descr ip t ive  job t i t les  were employed by t h e  
responding organization (6, 18, 44,39 ) 

On the  o ther  hand, there  i s  a widespread u t i l i z a t i o n  of 'hlember of 
Technical S t a f f "  (MTS) designation f o r  a l l  or la rge  segments of the  
sa l a r i ed  s t a f f  of severa l  aerospace corporations.  Within the  broad MTS 
designation, maturity curves are employed t o  e s t a b l i s h  the  level a t  
which ind iv idua ls  operate. Spec i f ic  tasks  or r e s p o n s i b i l i t i e s  are  not 
designated i n  job titles (13, 17). 

Another general  type  of c l a s s i f i c a t i o n  encountered i n  generic i n  
form, and the  designat ions are  not ind ica t ive  of an ind iv idua l ' s  func- 
t ion ;  examples of t h i s  are:  Senior Engineer, T e s t  Analyst, etc. (14, 
16). 

Most companies maintain a s k i l l  index on t h e i r  personnel (20, 431, 
. but s ince  t h i s  i s  not s u f f i c i e n t l y  p a r a l l e l  with the  study, i t  can only 

o f f e r  supplementary instead of dec is ive  reso lu t ion  of our problem. 
Additionally,  i t  is  in t e re s t ing  t o  note t h a t  t he  i n d u s t r i a l  aerospace 
companies do not  appear t o  consider these indices  of g rea t  benef i t  
(20, 43) because 1) a p r i o r i ,  i t  cannot be assumed t h a t  employees re- 
main cur ren t  i n  the  areas designated, s ince  the  dynamic nature of a l -  
l i e d  f i e l d s  demands constant up-dating, 2) t h e  terminology i s  so i m -  
p rec ise  t h a t  ac tua l  t r a in ing  or a b i l i t y  is d i f f i c u l t  t o  assess from t h e  
designations used by individuals ,  and 3) the problem is  compounded when 
e f f o r t s  are made t o  systematize the  s k i l l  indices.  Therefore, when a 
company i s  s t a f f i n g  a new p ro jec t ,  the  massive po ten t i a l  of the  exten- 
s i v e l y  developed systems capab i l i t y  is bypassed, i n  many instances,  f o r  

9 

I S  the  time-tested approach o f ,  'ksk Joe. "* 
Similar ly ,  w e  followed up one extensive (and non-yielding) inven- 

tory  of: job t i t les  i n  an aerospace company by obtaining job descrip- 
t i ons  (7,  45) and by f u r t h e r  work w e  can perhaps--as with the  applica- 
t i o n  of s k i l l  indices--arrive a t  independent generations of occupation 
descriptions.** 

This w a s  already indicated t o  be possible  by two other  constrain- 
ing exerc ises  applied t o  the  non-descriptive j o b - t i t l e  inventory in- 
volved: a)  a personal i d e n t i f i c a t i o n  (3) of those non-descriptive job 
titles t h a t  a r e  exclusively space-work r e l a t ed  (by t h e  " M a n  Who Knows" 

*This anomaly is a t  once both curious and provocative--in i t s e l f  
per.baps worthy of in-depth study. 

**We do not l i g h t l y  invoke the  spec ter  of semanticism, but there is ,  
of course, such a component i n  t h i s  task,  and w e  hope t o  overcome 
it as 3.ndicated. 
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i n  the  personnel department of an aerospace company), This MWK (9) 
thus selected by hand 15 job titles i n  a t o t a l  computerized inventory 
of several  hundred!*** b) The o ther  technique consisted of co-direct- 
i g  t h i s  i den t i f i ca t ion  process by focussing among those companies-- 
or organizational areas within companies (department by department)-- 
t h a t  a re  involved i n  pure space work or space-derived work, and--per- 
haps addi t ional ly  a r r ive  a t  possible  
i n  t h e i r  cl ient 's  organizations (4). An example i s  Space Labs, Barbank, 
Cal i fornia;  w e  intend t o  seek from such a company i ts  own job c l a s s i f i -  
ca t ion  list and the  names of c l ien ts  t h a t  have purchased some of t h e i r  
space-generated bio-medical equipment--e.g. the  intensive care  sect ion 
of the Good Samaritan Hospital ,  Los Angeles, Cal i fornia .  From the 
hospi ta l ,  w e  w i l l  determine the  titles tha t  have been given t o  the  
nurses and technicians assigned t o  t h i s  new equipment. 

19 technology t ransfer"  pos i t ions  

11 W e  plan t o  expand t h i s  Search and Query" method nat ional ly  a) t o  
other  aerospace companies , appropriate NASA and DOD organizations ; b) 
t o  the per t inent  headquarters o f f i ces  of other  government agencies 
(ESSA, DOC, e t c . ) ;  c )  t o  career  centers  and t o  nat ional  employment 
agencies such as Decision Incorporated, Engineering Opportunities, etc. ;  
and d)  t o  the  univers i ty  career  cur r icu lae  f o r  a b e t t e r  understanding 
of  threshhold occupations, A br ie f  discussion of t h i s  i s  presented i n  
the sec t ion  e n t i t l e d  'bescr ip t ion  of Future Program, below. I 1  

Search Method 11--Study of Newspaper Employment Advertisements 

SRI col lected and examined a list of about 800 aerospace job ad- 
vertisements i n  the  Los Angeles Times over a period of  1 2 ~  years. The 

- 
- study proceeded b r i e f l y  as follows: 

1. W e  se lected a t  random a s ing le  da te  i n  1955. 

2. For tha t  date ,  and f o r  a da te  c lose t o  i t  i n  each th i rd  year 
t he rea f t e r  t o  the  present ,  w e  prepared a list of a l l  aerospace jobs 
advertised. 

3. W e  then edi ted the  f i v e  lists t o  e s t ab l i sh  consistency of 
wording and el iminate  dupl icates  and inconsis tencies  within each list. 

4. Subsequently, w e  compared each of the  lists, later ones with 
e a r l i e r  ones, t o  ex t r ac t  newly advertised job categories  i n  successive 
years. 

***These are:  E l e c  Tech Prod T s t  Gse; Inspec R & D E lec t ;  Inspec R & 
D Mech; Lab Prec Mech; Lab Prec Mech Tech; Mech St ruc  Bonding; 
Metrol Proceds Anlst;  Metrol Proceds Desgn; Metrol Proceds W t r ;  
Pa in te r  Ablative Coating; Sealer  & Bonder Gn; Sealer  and Bonder; 
Space Simul Tech - T e s t ;  Space Vehcl Ckt Tec  E l ;  Space Vehcl C k t  Tec 
wrc . 
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5. Fina l ly ,  w e  edited these lists t o  determine those most nearly 
representat ive of the search object ives ,  t ha t  i s ,  space-oriented and/or 
space-derived occupations. 

Select ion of Dates: In the  i n i t i a l  s tages  of the study, some dis-  
cussion was given as  t o  which spec i f i c  da tes  (years) t o  choose. W e  
hypothesized t h a t  it probably m a d e  l i t t l e  difference which da te  was 
chosen within a year, but it appeared t h a t  something could be gained 
by preparing severa l  lists, d i f f e r ing  by several  years. Theoret ical ly ,  
a l l  t h a t  would be necessary would be two lists, past  and present;  a 
comparison of one w i t h  t he  other  would then reveal  the new jobs being 
searched for .  

From the  p rac t i ca l  standpoint,  however, t he  use of two lists only 
c l ea r ly  had flaws-the main one being t h a t  t he  lists generated would 
be fa r  from comprehensive, and ce r t a in ly  not consis tent  enough t o  ex- 
pect a clear separation of new jobs from old ones. For t h i s  reason, 

. the  f i v e  d i f f e r e n t  dates w e r e  chosen. The beginning year, 1955, was 
selected t o  predate the  formation of NASA; 1958 was chosen t o  coincide 
with t h e  formation of NASA; and three da tes  w e r e  chosen i n  the t en  year 
i n t e rva l  t he rea f t e r ,  u n t i l  1967. * 

The lists of jobs generated i n  these f i v e  years varied i n  length,  
as a function of many d i f f e r e n t  variables--the job market i t s e l f ,  of 
course, being the prime operator. Furthermore, i t  was no more possible  
t o  expect complete consistency from one list t o  the  next f o r  f i v e  se- 

establ ished,  however, was the  de lay  t i m e  i n  the appearance of new job 
categories.  From the  e n t i r e  series of samples, no new jobs meeting 
the  se lec t ion  c r i t e r i a  w e r e  found i n  1955 or 1958; 6 possibly new jobs 
were found i n  the 1961 l i s t ;  5 possibly new ones w e r e  found i n  the 
1964 l i s t ;  the  remaining 16 p o s s i b i l i t i e s  w e r e  found i n  the 1967 l ist .  
(The " L i s t  of P o s s i b i l i t i e s "  i s  described l a t e r .  ) 

I quences than it would have been f o r  two sequences. What c l ea r ly  was 

.* 

Preparation of Job L i s t s :  The preparation of the  SRI job lists 
was extracted from microfilmed copies of the selected i ssues  of the  
Los Angeles Times. Again, i n  formulating the study some discussion 
was given t o  methods of s impl i f ica t ion  and increased eff ic iency.  For 
the  p i l o t  study the  method used proved sa t i s fac tory .  On a l a rge r  
sca le ,  however, other mechanisms f o r  the  preparation of i n i t i a l  lists 
may be warranted. 

* The i n i t i a l  date w a s  chosen a t  random f o r  the  first year. There- 
after, t o  obviate seasonal e f f e c t s ,  i f  any, da t e s  c lose t o  the 
f i r s t  one w e r e  chosen. The dates selected w e r e :  Apri l  3, 1955; 
Apri l  6, 1958; Apri l  2, 1961; Apri l  5, 1964; Apri l  2 ,  1967. 
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Editing and Data Processing: About 760 job titles were col lected 
i n  preparing the  f i v e  lists described above. From the  experimental 
standpoint it was apparent t h a t  some type of computer processing might 
be appropriate i n  ex t rac t ing  relevant  jobs from t h i s  sample. Our pro- 
cedure was t o  keypunch the cards w i t h  the job t i t l e s ;  w r i t e  a shor t  
program t o  compare one list w i t h  another, el iminating dupl icates  be- 
tween l i s t s ;  then e d i t  new jobs f o r  those relevant  t o  our pa r t i cu la r  
problem, Since complete consistency w a s  not expected, w e  prel iminari ly  
analyzed the r e s u l t s  of such a procedure w i t h  the following matrix: 

I l l u s t r a t i o n  of Select ion Method 

\ Year1 1955 I 1958 I 1961 Year 1955 1958 1961 

Job 
T i t l e  

L i s t  

t h a t  In the t ab le ,  x ind ica tes  t h a t  the job t i t l e  occurs, 
i t  does not x c u r .  
which is  decreloped simply by comparing one l ist  t o  another, applying 
simple ru l e s  such as ,  i f  the  job occurs, then does not occur, leave 
i t  out; and "if job does not occur, then occurs a t  a l a t e r  da te ,  
include it. 

't 11 11- '? 

The " L i s t  of P o s s i b i l i t i e s "  i s  the i r r i t i a l  l i s t  

I ?  

11 

I ?  

I ?  Editing of L i s t  of Poss ib i l i t i e s " :  The l i s t  of jobs extracted 
using the above procedure was more inclusive than required f o r  the 
present study. For example, such titles as ''Human Factors Research 
bpeciali:t, " "Stabi l i ty  and Control Engineer, 
Engineer and'keentry Systems Engineer" occurred on t h i s  l ist .  A l -  
though these occupations may have developed as a r e s u l t  of aerospace- 
oriented a c t i v i t i e s ,  our pa r t i cu la r  i n t e r e s t  was t o  eliminate a l l  
missile-or a i rcraf t -or iented jobs,  as  w e l l  as a l l  o ther ,  leaving 
only those which were c l ea r ly  and de f in i t e ly  space-oriented or  space- 
derived. 

I 1  ' 1  Value Engineering 

'? 't 
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Discussion of Newspaper Advertisement Search Method : The back- 
ground f o r  the newspaper advertisement search method was a very s imple  
one--the hypothesis t h a t  as new job categories  and a c t i v i t i e s  w e r e  
created,  they would be advertised. 

A s  a m e a n s  t o  the end of f inding new jobs,  the newspaper search 
method is somewhat inadequate by itself. F i r s t ,  new jobs may be 
created i n  an organization and f i l l e d  w i t h  ex is t ing  personnel, without 
ever,  o r  a t  least not a t  first, requir ing formal methods of recru i t ing  
such as  advertising. Second, the jobs advertised reflect t o  some de- 
gree job  types or academic d i sc ip l ine  r a the r  than job o r  occupational 
titles. Thus, chemical engineer, " "physicist ,  aerodynamicist, " and 
even engineer" are  advertised cons is ten t ly  and continuously. T h i r d ,  
the more specific jobs,  when they are requested of ten  reflect the in- 
ert ia of the aerospace organizations t o  respond t o  new types  of jobs 
w i t h  new t i t l e s - - i n  congruence w i t h  the problem encountered w i t h  the  
other search methods. 

f f  I1  f 1  

f f  
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DESCRIPTION OF FUTURE PROGRAM 

Objectives 

The objec t ives  of the fu tu re  program described here  are t o  a) com- 
p l e t e  t h e  search i n  t h e  Los Angeles area f o r  t h e  i d e n t i f i c a t i o n  of new 
occupations solely due t o  the U.S .  Space Program, b) e s t a b l i s h  i n  the  
process a de t a i l ed  series of methods and procedures f o r  such iden t i f i ca -  
t i o n  searches and t o  conduct these  elsewhere i n  the country, and 
c) i n i t i a t e  (or, perhaps complete) t he  necessary understanding of t h e  
relevant  problems t h a t  must be overcome i n  implementing new and des- 
c r i p t i v e  job  t i t les  f o r  t h e  highly spec ia l ized  pa r t i c ipan t s  i n  t h e  space 
program. 

A follow-on completion study now envisioned but not described here 
i s  based upon t h e  u l t imate  objec t ive ,  i.e. the r e q u i s i t e  na t iona l  plan 
f o r  a) def ining and b) adopting by establishment of appropriate  job 
t i t l e s  t h e  new space-derived occupations. 

Suggested Search Methods and Tasks 

.e 

Query Personnel Managers, etc.--Industry, NASA, DOD 

Extensive material on job  titles, job  descr ipt ions,  s k i l l  ind ices  
1 

1 1  

and similar q u a l i f i e r s  i s  expected t o  be received by SRI as a r e s u l t  of 
t h e  p i l o t  e f f o r t  already undertaken i n  Los Angeles as described above 
(see sec t ion  e n t i t l e d  Discussion of I n i t i a l  Study and Methodology). 

W e  propose a) t o  complete the  t a sk  by addi t ional  personal confer- 
ences the  search f o r  new occupations based upon the space program, and 
b) t o  secure simultaneously the  relevant  background material--e.$. 
s k i l l  ind ices ,  job  descr ip t ions ,  etc.--to understand t h e  problem suf- 
f i c i e n t l y  so as t o  generate and e s t a b l i s h  an appropriate  and supplement- 
a r y  inventory of e f f e c t i v e  pos i t ions  based upon the  space program-- 
compatible with (varying) industry-wide attempts now underway t o  re- 
c l a s s i f y  t h e i r  employment categories.  

For the  nation-wide follow-on w e  propose t o  expand t h i s  s t e p  t o  
a l l  other aerospace organizat ions ( industry,  NASA, DOD) on the b a s i s  of 
t he  rout inized methods and good understanding gained i n  the task des- 
cr i  bed above. 
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Query Other Government Agencies--ESSA, WC, etc. 

In  order t o  learn t o  understand i n  the  immediate fu ture  the tasks  
out l ined above, we  w i l l  query a few appropriate HQ funct ionaries  i n  
other  government agencies now dealing with the  space program about 
their plans and thoughts regarding t h e i r  personnel descr ipt ions and 
t i t l e s - -pa r t i cu la r ly  DOA, DOC, DOT, ESSA, HEN, NSF. This w i l l  l a rge ly  
expand our understanding of t he  real problem apparently experienced by 
a l l  those now involved i n  so r t ing  t h e  descr ip t ive  t i t les  of their  
personnel. 

- 

Query Career Centers, Employment Agencies, etc. 

W e  have previously examined posi t ion t i t les  employed by the  career 
centers and agencies that a r e  heavily involved i n  aerospace; they have 
a l so  attempted t o  a) ex t r ac t  ex is t ing  job t i t les  from aerospace in-  
dus t r ies  and b) e s t ab l i sh  t h e i r  own job categories  compatible with 
(a). W e  therefore  propose t o  examine ex is t ing  job t i t l e  lists i n  career 
centers and t o  query t h e i r  executives i n  regard t o  t h e i r  background i n  
es tabl ishing ex is t ing  and fu tu re  job categories. 

Study of School Curriculae 

In  order t o  gain fu r the r  understanding of the present background, 
and pa r t i cu la r ly  i n  order t o  analyze the  new occupations based upon the 
space program that can be projected,  w e  intend t o  study the  cur r icu lae  
of technical  schools and univers i ty  extension schools. W e  w i l l  a l so  
query t h e  appropriate curriculum d i r ec to r s  i n  these i n s t i t u t i o n s  so a s  
t o  acquire a firm background of the  t o t a l  change i n  occupations now 
taking place as  a r e s u l t  of t he  space program. 

i 

i 

Amplification of Newspaper Advertisement Search Method 

For t h i s  phase of the study, w e  an t i c ipa t e ,  i n  extension of t h e  
p i l o t  experiment already conducted, a much more thorough search, with a 
considerably la rger  sample and a more judicious appl icat ion of se lec t ion  
c r i t e r i a  i n  the  preparation of i n i t i a l  l ists  of candidate occupations. 
W e  propose t o  extend the  search media t o  professional journals and w e  
an t i c ipa t e  t h a t  t he  use of computer data  processing w i l l  probably a l so  be 
expanded. 
lists generated by the  other techniques, as  w e l l  a s  provide a means f o r  
more in-depth study of the  problem. 

The resu l t s  of t h i s  e f f o r t  would serve t o  extend and r e f ine  

A secondary object ive of the  task w i l l  be t o  study the delay i n  the  
response of job advertisements t o  the  creat ion of new jobs i n  industry,  
and correspondingly, t he  appearance of advertisements f o r  jobs f o r  which 
there  i s  no o f f i c i a l  t i t l e .  It i s  strongly f e l t  that data  on both of 
these phenomena a re  e s sen t i a l  t o  a b e t t e r  understanding of t h e  new 
occupations problem. 
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Dictionary of Occupational T i t l e s  

In  the  i n i t i a l  phases of t he  p i l o t  study, some a t t en t ion  was given 
t o  the use of the  "Dictionary of Occupational T i t l e s "  (DOT), a publication 
prepared by the  Bureau of Employment Security of the  U.S. Department of 
Labor (8). T h i s  volume is  probably the most comprehensive l ist  of occupa- 
t ions  available.  Its primary--and crucial-problem, however, i s  delay 
t i m e .  Even i n  the  l a t e s t  revis ion avai lable ,  (1965), no jobs a t  a l l  a r e  
mentioned which have a c l e a r  space-derived or ientat ion.  
there  i s  usually a considerable t i m e  lapse between revis ions and supple- 
ments, and w e  suspect tha t  data  c loser  t o  the  compiling source may reveal  
addi t ional  occupations. According t o  representat ives  of the Employment 
Security Bureau, whom w e  already have contacted (24), preparation of the 
DOT i s  now being computerized, and should be complete i n  about s i x  months. 
When t h i s  i s  accomplished it  should be a simple matter t o  examine lists 
of new entries f o r  appropriate t i t les.  W e  intend t o  inves t iga te  t h i s  
poss ib i l i t y  a lso,  as par t  of t h i s  task. 

On the  other  hand, 

A s  t he  task  proceeds w e  expect t ha t  i t  w i l l  a l so  contr ibute  t o  an 
understanding of the  problem i n  depth. It cannot be overemphasized tha t  
such work is  needed. W e  have found tha t  almost a l l  portions of this 
impact study a re  in t e r r e l a t ed .  The d i f f i c u l t y  i n  t rac ing  e f f e c t s  of the  
space program has i t s  roots  i n  the  lag  or delay t i m e  i n  responding t o  
new concepts, ideas  and a c t i v i t i e s .  Occupational t i t les r e f l e c t  t h i s  
delay; thus they a re  worth studying from a theo re t i ca l  as  w e l l  as a 
p rac t i ca l  standpoint i n  order t o  gain ins ight  i n t o  the overa l l  problem. 

Bureau of t he  Budget Standard Occupational Class i f ica t ions  

Under the  sponsorship of the  Bureau of t he  Budget, an 

I 

I t  Interagency 
Committee on Occupational Classif icat ions"  i s  now studying the  develop- 
ment of a) uniform lists of occupational t i t les f o r  a l l  government 
agencies and b) cross-reference t ab le s  which would r e l a t e  one such list,  
say tha t  used by the  Department of Labor with another l ist ,  i.e., t ha t  
used by the  Bureau of t he  Census.* SRI a l so  proposes t o  make use of 
t h i s  work i n  i t s  fu ture  program of research. 

I n i t i a l  phases of the  task w i l l  consis t  of examining on-going work 
f o r  relevance t o  the present problem. To do t h i s ,  o r ig ina l  lists and 
cross-reference lists w i l l  be examined f o r  any new jobs which have not 
been found by other  means. I f  none a re  found, t he  problem w i l l  be one 
of determining why the  new jobs a r e  missing, again i n  order to  extend 
our understanding of the  problem. 

- 

* This work i s  being car r ied  out by the University of Pennsylvania. 
I n i t i a l  SRI contacts have been establ ished and w e  have assurances of 
cooperation from the p a r t i e s  involved (31) 
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Subsequently, t h e  Interagency Committee lists of occupational 
c l a s s i f i c a t i o n s  w i l l  be compared with severa l  of the lists developed as 
a r e s u l t  of d i r e c t  contacts  with s p e c i f i c  agencies. This should serve 
as a check f o r  completeness, as w e l l  a s  a second method for determining 
t i m e  l ags  i n  ge t t i ng  new jobs i n t o  the  various systems. 

National Regis ter  of S c i e n t i f i c  and Technical Personnel 

A f i n a l  search method t o  be examined is  t h e  use of data  compiled 
for t h e  National Regis ter  of S c i e n t i f i c  and Technical Personnel. This 
biennial  survey i s  conducted by the National Science Foundation, through 
the  cooperation of various na t iona l  professional soc ie t ies .  

For t h e  1968 survey, a new major grouping has been formulated, 
e n t i t l e d  "Atmospheric, Earth,  Marine and Space Sciences." This grouping, 
as w e l l  as o thers ,  has associated with i t  an extensive list,  which sub- 

Respondents are asked t o  iden t i fy  t h e  spec ia l ty  most c losely r e l a t ed  t o  
t h e i r  present employment, as w e l l  as those other  s p e c i a l t i e s  i n  which 
they have competence. It  i s  the  s p e c i a l t i e s  lists which w e  expect t o  
have relevance t o  the  present study. 

' divides t h e  various f i e l d s  i n t o  their respect ive spec ia l ty  areas. 

A problem with t h i s  method which has already come t o  l i g h t  i s  the  
I f  I? determination of a re la t ionship  between spec ia l t ies"  and occupational 

t i t les.  For example, s p e c i a l t i e s  i n  another of the  major groupings, 
-3 mathematics, are such i t e m s  as Boolean algebra, combinatorial analysis ,  

Hilber t  spaces and t i m e  series (2). Understandably, these  may be 
spec ia l ty  areas ,  but i t  is  unl ikely t h a t  one would c a l l  himself a 

combinatorial analyst .  On the  other  hand, "demography" i s  another 
spec ia l ty  area,  and there are a good many demographers extant.  Similar 
problems of t r ans l a t ion  w i l l  apply t o  t h e  Atmospheric, Earth, Marine 
and Space Sciences grouping, as w e l l  as t o  other  per t inent  professional  
areas which may be found. 

I ?  

I f  t1  * I  

These problems w i l l  be resolved individual ly  as  t h e  study proceeds. 

Summary of Future Program 

The i d e n t i f i c a t i o n  methods of new occupations described above w i l l  
provide t h e  r e s u l t s  required t o  f u l f i l l  object ives  (a) and (b) above, 
and w e  a r e  confident of these r e s u l t s  i n  the  l i g h t  of our i n i t i a l  work 
already accomplished. 

In  order  t o  f u l f i l l  object ive (c), much background understanding 
and data  analysis  is  required. It is  intended t o  conduct t h i s  work so 
as t o  provide p rac t i ca l  recommendations t o  e f f e c t ,  i n  t h e  near fu ture ,  
government and industry-wide adoption of space-specific occupation 
t i t les  . 
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CONCUTSIONS AND RECOMMENDATIONS 

New occupations solely due to the space program exist and have been 
established in industry and government alike--both in formal and in- 
formal inventories of job titles. 

More than a dozen of these occupations were readily found on the basis 
of a brief search described in this report. These are well defined-- 
e.g. life support research scientist, space labs supervisor, etc. 

Five search methods for identifying these new occupations on a 
national basis were established and some were already tested. 

Identification of these new occupations in extension of the very 
small pilot search reported here can be confidently expected through 
further search and on the basis of search methods already established; 
SRI recommends that such study be continued.* 

Problems in identifying and establishing these occupations exist 
throughout the aerospace industry and the corresponding government 
organizations. 

These problems currently occupy personnel departments and government 
agencies alike. 

New rosters are being prepared by some of these organizations, and 
problems exist in their preparation. 

A uniform resistance to updating job titles in NASA and aerospace 
industry organizations is quite apparent--we are overwhelmed with the 
almost complete absence of descriptive space-related job titles in 
such organizations wholly committed to space work as JPL or in space 
divisions of aerospace companies. 

Intermediate sidestepping of these problems by some of these organiza- 
tions include employment of non-descriptive job titles, establishment 
of qualifying job criteria, job descriptions, skill indices, and use 
of different job titles involving the same position for formal and 
informal purposes. 

* Cooperation of outside organization required for further search was 
requested by SRI and the necessary assurances were already received. 
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o We feel that it is high time to recognize the 10-year old space 
program in the very organizations that operate it, and to replace 
obsolete and general job titles by descriptive terms, specifically 
relating to the space task at hand. 

o There are problems that delay attainment of this goal and appropriate 
recommendations must be based on further study, e.g. time-trends and 
additional identification of the new occupations. 
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